INTRODUCTION
============

Obesity, a medical condition wherein excess body fat has accumulated, can now be considered a global epidemic. Body fats, especially both of abdominal fat pad mass and the fat content of the skeletal muscle, are inversely related to insulin action, and directly related to the insulin resistance of peripheral tissues \[[@b1-yujm-2018-35-2-213]-[@b4-yujm-2018-35-2-213]\]. Therefore, the development of methods to decrease the fat content of the abdomen and the skeletal muscle will be helpful for the prevention of insulin resistance. Thalidomide is an immunomodulatory agent and was used to treat morning sickness during pregnancy in the 1950s and the early 1960s. However, it was found to cause severe birth defects, such as phocomelia. Despite this history, thalidomide has proven effective for the treatment of some diseases. At present, many decades later, thalidomide has been used for the treatment of multiple myeloma and erythema nodosum leprosum. Thalidomide has been reported to inhibit angiogenesis \[[@b5-yujm-2018-35-2-213],[@b6-yujm-2018-35-2-213]\], suggesting that it may exert beneficial effects on the inhibition of visceral adipose tissue growth caused by anti-angiogenetic activity.

To the best of our knowledge, the effect of thalidomide on visceral fat and the triglyceride concentration in skeletal muscle, which are inversely related to insulin action, has not been examined. The objective of this study was to investigate if thalidomide altered the visceral fat pad mass and the triglyceride concentration in the skeletal muscle by inducing a decrease in angiogenesis in the visceral fat mass.

MATERIALS AND METHODS
=====================

1. Experimental design
----------------------

The experiments were designed to evaluate the effects of thalidomide on the visceral fat pad mass and the concentration of triglyceride in the skeletal muscle of rats. Rats were divided into control and thalidomide-treated groups.

2. Animals
----------

Four-week-old male Sprague-Dawley rats (weight: 130-6 g) were purchased from the Koatech Experimental Animal Center (Pyeongtaek, Korea) and administered a rodent diet (Teklad Rodent Diet no. 2018S, Envigo, WI, USA) for 4 weeks. The animals were maintained in an environment of 22±2℃, 55±5% humidity, and a 12 h/12 h light-dark cycle. All applicable institutional and governmental regulations concerning the ethical use of animals were certified before and during this research and approved by the Institutional Animal Care and Use Committee of Yeungnam University (YUMC-AEC 2017-004).

3. Thalidomide treatment
------------------------

Thalidomide, used as an anti-angiogenic agent, was administered to rats for 4 weeks. A 10% solution of thalidomide in dimethyl sulfoxide (DMSO) solution was injected daily into the peritoneal cavity of rats (n=6) as much as 100mg/kg of body weight. The control rats (n=6) were administered 10% DMSO solution without thalidomide.

4. Tissue dissection and fat pad weight measurement
---------------------------------------------------

The rats were anesthetized by the intraperitoneal injection of urethane (50mg/kg body weight) and blood samples were collected from the abdominal aorta after overnight fasting following administration of the study diet for 4 weeks. The epididymal, mesenteric, and retroperitoneal fats, liver, heart, and skeletal muscles were removed and weighed. The white muscle was separated from the gastrocnemius muscle.

5. Analytical procedures
------------------------

Plasma glucose concentrations were determined by the glucose oxidase method using a kit from Sigma Chemical (USA). The plasma free fatty acid and triglyceride concentrations were measured by using a kit obtained from Waco Chemicals (Richmond, VA, USA). The muscle triglyceride concentration was determined through the extraction of the total lipids from clamp-frozen muscle samples with chloroform-methanol (2:1 vol/vol), as described by Folch et al. \[[@b7-yujm-2018-35-2-213]\], separation of the chloroform and methanol-water phases, removal of the phospholipids, and further processing of the sample by using Frayn and Maycock's modification \[[@b8-yujm-2018-35-2-213]\] of the Denton and Randle method \[[@b9-yujm-2018-35-2-213]\]. Triglycerides were then quantified spectrophotometrically as glycerol using an enzymatic assay kit (Waco Chemicals, Richmond, VA, USA).

6. Statistical analysis
-----------------------

All values were expressed as the mean±SE. The significance of differences between groups was evaluated using a Student's t-test.

RESULTS
=======

1. Increases in body weight and food intake
-------------------------------------------

The body weight of all rats gradually increased with rats in the control group gaining 189±5.9 g and rats in the thalidomide-treated group gaining 177±8.5 g. The mass of food ingested by rats in the control group was higher than that in the thalidomide-treated group (44.8±1.3 g/day in the control group vs. 41.7±0.9 g/day in the thalidomide-treated group; *p*\<0.05) ([Table 1](#t1-yujm-2018-35-2-213){ref-type="table"}).

2. Plasma glucose, free fatty acid, and triglyceride concentrations
-------------------------------------------------------------------

The plasma glucose concentrations were not different in either group (4.02±1.64mmol/L for the control group vs. 4.04±1.81mmol/L for the thalidomide-treated group). The plasma free fatty acid concentration in each group was not different (0.40±0.06 μmol/L for the control group vs. 0.42±0.11 μmol/L for the thalidomide-treated group). The plasma triglyceride concentration in the thalidomide-treated group was lower than that in the control group (0.53±0.14 μmol/L for the control group vs. 0.41±0.13 μmol/L for the thalidomide-treated group; *p*\<0.05) ([Table 2](#t2-yujm-2018-35-2-213){ref-type="table"}).

3. Total visceral fat pad mass and adipocyte size
-------------------------------------------------

The total abdominal fat pad mass in the thalidomide-treated group was 11% lower than in the control group (7.6±1.4 g for the control group vs. 6.8±0.6 g for the thalidomidetreated group; *p*\<0.05). However, there was no significant difference in the ratio of total abdominal fat pad mass to body weight in each group ([Fig. 1](#f1-yujm-2018-35-2-213){ref-type="fig"}). Thalidomide treatment decreased the size of adipocytes of the epididymal fat pad mass relative to the size in the control group ([Fig. 2](#f2-yujm-2018-35-2-213){ref-type="fig"}).

4. Triglyceride concentration in the skeletal muscle
----------------------------------------------------

The triglyceride concentrations in white and red skeletal muscles were measured. The intraperitoneal thalidomide treatment increased triglyceride concentrations by 16% in the red muscle relative to the control group (3.24±0.52mmol/g wet weight for the control group vs. 3.75±0.53mmol/g wet weight for the thalidomide-treated group; *p*\<0.05), but not in the white and cardiac muscle. In contrast, thalidomide treatment decreased the triglyceride concentration in the liver (2.25±0.13mmol/g wet weight for the control group vs. 1.67±0.15mmol/g wet weight for the thalidomide-treated group; *p*\<0.01) ([Fig. 3](#f3-yujm-2018-35-2-213){ref-type="fig"}).

DISCUSSION
==========

This study assessed whether thalidomide altered the visceral fat pad mass and the triglyceride concentration in the skeletal muscle. We measured body weight and food consumption, and analyzed plasma chemicals, visceral fat mass, and the triglyceride concentration in peripheral tissues. Our results showed that thalidomide did not significantly alter body weight despite leading to a decrease in food consumption. Some previous studies have reported that thalidomide did not alter the body weight and food consumption of dogs \[[@b10-yujm-2018-35-2-213]\] and prevent body weight loss in human immunodeficiency virus and cancer patients \[[@b11-yujm-2018-35-2-213]\]. Thalidomide did not affect the concentration of plasma glucose or free fatty acids, but decreased plasma triglyceride concentration. The result that thalidomide decreased plasma triglyceride concentration was unexpected, as plasma triglyceride concentration is influenced by diet and hepatic activity. Therefore, the decreased plasma triglyceride concentration may result, in part, from decreased food intake rather than decreased hepatic production in this study. We focused on the effects of thalidomide on the visceral fat pad mass and the triglyceride concentration in skeletal muscles because these factors are related to insulin resistance. Our hypothesis was that thalidomide, as an anti-anigiogenic agent, inhibited angiogenesis in the visceral adipose tissue, which subsequently impeded adipose tissue growth. The results showed that thalidomide decreased the visceral fat pad mass and reduced the size of adipocytes. This suggested that thalidomide may not alter preadipocyte differentiation and adipose tissue hyperplasia, as judged from the decreased visceral fat pad mass and the smaller size of the adipocytes. Adipose tissue growth involves an increase in adipocyte size and the formation of new adipocytes from precursor cells. Adipose tissue exerts angiogenic activity, and adipose tissue mass can actually be regulated through the vasculature \[[@b12-yujm-2018-35-2-213]\]. Various factors affect adipose tissue vasculature in both of positive or negative ways. The inhibition of angiogenesis by vascular endothelial growth factor receptor-2 (VEGFR-2) blocking antibody not only reduced angiogenesis and tissue growth, but also inhibited preadipocyte differentiation \[[@b13-yujm-2018-35-2-213]\]. This report suggested that thalidomide may reduce adipose tissue growth with reduced angiogenesis and inhibited preadipocyte differentiation, similar to a VEGFR-2 blocking antibody. In a recent report \[[@b14-yujm-2018-35-2-213]\], thalidomide administration to high-fat diet-fed mice reduced visceral fat pad mass and adipocyte size. These results appear to agree with ours, although the dose of thalidomide and the treatment duration were different. The mechanism of the reduction of the visceral fat pad mass and of the adipocyte size in thalidomide-treated high-fat diet-fed mice may result from the immunosuppressive action of thalidomide \[[@b14-yujm-2018-35-2-213]\]. The accumulation of intramyocellular lipid triglycerides is an important aspect of the insulin resistance of skeletal muscle in obesity and type 2 diabetes mellitus \[[@b15-yujm-2018-35-2-213]\]. Skeletal muscle cells contain a considerable amount of triglycerides. The amount of stored triglycerides depends on the muscle fiber type and may be influenced by visceral adiposity \[[@b16-yujm-2018-35-2-213],[@b17-yujm-2018-35-2-213]\]. In our results, thalidomide increased triglyceride concentration in the red muscle, but not in the white and cardiac muscles. In contrast, thalidomide decreased triglyceride concentration in the liver. The triglyceride concentration in red muscle is approximately five times higher than that in white and cardiac muscles. Red muscle fibers are smaller than white muscle fibers, and rich in mitochondria, myoglobin, and blood supply, whereas white muscles have a low concentration of mitochondria, myoglobin, and blood supply \[[@b18-yujm-2018-35-2-213]\]. These results implied that red muscle may be a more important reservoir and route for metabolism of lipids than white muscle because of its high oxidative capacity. In conclusion, our results suggested that intraperitoneal thalidomide treatment inhibited visceral fat accumulation and, subsequently, that free fatty acids in the blood preferentially accumulated in the red skeletal muscle.
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###### 

Gain in body weight and food intake in the control and thalidomide-treated groups

                            Control (n=6)   Thalidomide (n=6)   *p*-value
  ------------------------- --------------- ------------------- -----------
  Gain in body weight (g)   189±5.9         177±8.5             NS
  Food intake (g/day)       44.8±1.3        41.7±0.9            \<0.05

Values are mean±SE. The numbers in parentheses indicate the number of rats.

NS, non-significant.

###### 

Plasma glucose, free fatty acid, and triglyceride concentrations in the control and thalidomide-treated groups

                                Control (n=6)   Thalidomide (n=6)   *p*-value
  ----------------------------- --------------- ------------------- -----------
  Glucose (mmol/L)              4.02±1.64       4.04±1.81           NS
  Free fatty acids (*μ*mol/L)   0.40±0.06       0.42±0.11           NS
  Triglycerides (*μ*mol/L)      0.53±0.14       0.41±0.13           \<0.05

Values are mean±SE. The numbers in parentheses indicate the number of rats.

NS, non-significant.
